The purpose was to investigate perceived stress and recovery related to cycling performance of female athletes over one full year. Twenty female athletes (age, 27±8years; O2max, 50.3±4.6 mL·kg -1 ·min -1 ) were measured eight times in one year to determine perceived stress and recovery (RESTQ-Sport) in relation to cycling performance (Lamberts and Lambert Submaximal Cycle Test (LSCT)). All 19 RESTQ-Sport scales were calculated and scores of the 4 main categories were determined (i.e. "General Stress", "General Recovery", "Sport-specific Stress" and "Sport-specific Recovery"). A balance score of total stress and recovery was calculated by "Recovery-Stress". Power at the second stage (P80),third stage (P90) and heart rate recovery (HRR60s) of the LSCT were determined as performance parameters. One hundred-ten RESTQ-Sports and LSCT's were analysed using a multilevel approach (random intercepts model). Higher "selfefficacy" was related to all performance parameters. Higher total "RecoveryStress", and lower "emotional stress" were related to improvement of P90 and HRR60s. Higher "Sport-specific Recovery" was related to improvement of P80, higher "General Stress", "fatigue" and "physical complaints" were related to decreased P90 and higher "social stress" and "injury" were related to decreased HRR60s. Improved perceived recovery and stress contributed to an improved performance. Relevant information could be provided by monitoring changes in perceived stress and recovery of female athletes.
INTRODUCTION
Balancing stress and recovery is important to improve endurance performance.
The amount of stress and recovery of an athlete is not only determined by physical factors, but also by psychosocial factors. Kentta & Hassmen [13] proposed a conceptual model in which the interaction between the athlete's stress, recovery and capacity is related to performance.
There can be many sources of psychosocial stress in an athlete's life.
Sources of psychological stress can be for example, not meeting personal performance expectations, organizational demands of the sport and not being able to cope with the demands [4] . Sources of social stress can arise from interaction with coaches or teammates, but also from work and friends. These examples illustrate the multidimensional nature of psychosocial stress, that cannot be captured in a single measure. The amount of stress that an athlete perceives can be counterbalanced with sufficient recovery. However, for each athlete and each situation the specific perception of psychosocial stress and demands for recovery can vary because of an athlete's personal characteristics and coping skills [4, 19] . Examples of psychosocial recovery are having a good time with friends and feeling successful [12] . Psychosocial stress and recovery are subjective measures in which the athlete's capacity for managing psychosocial stress and recovery is taken into account [10, 12] .
Physical stress can be quantified by the training duration, distance and/or intensity (e.g. by Esteve-Lanao et al. [7] ). However, these objective measures of physical stress do not consider influences of the athlete's recovery and individual capacity. Within an athlete's perceived stress it is assumed that the athletes take their own recovery and capacity into account. For example, training at a certain intensity can be perceived as "very stressful" if the athlete trained at high intensity a few hours before (poor recovery), while the same training is probably classified as "less stressful" if the athlete is well rested (good recovery). Moreover, the same training intensity can be perceived as "very stressful" by an amateur athlete (low capacity), while an elite athlete (high capacity) could perceive it as "less stressful". The same principle applies to recovery. The objective measure of recovery time that is needed to cope with stress is dependent on the amount of stress and the athlete's capacity. So, perceived stress and perceived recovery takes into account the interrelationship between stress, recovery and the athlete's capacities at that specific moment or across greater time span.
Psychosocial and physical stress and recovery interact and can influence the ability of an athlete to adapt to training [13] . For instance, if an elite athlete trains at the same intensity (physical stress), but experiences psychosocial stress (e.g. due to trouble with friends), he/she can classify the training as more stressful which may cause suboptimal training load and stagnating performance.
Imbalanced stress and recovery can be reflected by changes in mood state [13] . Results of previous studies show that there is an association between mood state and performance [1] . Disturbances in perceived stress and recovery are related to a decrease in performance [24] .These relationships are mainly pronounced at the individual level. Although measures of mood state identify changing behavior and emotional state, it does not give a specific indication of stress or recovery sources that cause the change [11] .
Overall, little is known about the relationship between perceived stress, recovery and endurance performance. Because of large intra-individual responses, there is a need for studies that examine long-term individual changes. Accordingly, the observation of changes in stress and recovery prior to changes in performance can make appropriate interventions possible. Therefore, the purpose of this study is to investigate the contribution of perceived stress and recovery to endurance performance of athletes over one full year taking individual development into account.
METHODS

Participants and design
Twenty competitive female athletes (5 triathletes, 4 cyclists and 11 ice-skaters) participated in this study. The athletes trained 7 hours per week on average and they all incorporated cycling regularly in their training program. Three of these athletes competed at regional level, 15 athletes competed at national level and 2 athletes competed at international level. All athletes had at least 2 years of competition experience. The mean (± SD) age, height and weight were 27 ± 8 years, 1.72 ± 0.05 m and 62 ± 5 kg, respectively. Preceding participation, all athletes were medically cleared according to the Lausanne recommendations [2] by a sport physician and written informed consent was obtained. Furthermore, all athletes performed a peak power output test in order to personalize the subsequent submaximal cycle tests. A longitudinal design was used to monitor perceived stress, recovery and cycling performance over the course of one year.
Athletes were monitored on eight measurement times with the RESTQ-Sport [12] followed by the Lamberts and Lambert Submaximal Cycle Test (LSCT) [14] . All tests were performed with ~6 weeks in between in the same laboratory, in comparable conditions (temperature: 19.0 ± 1.1 ºC; humidity: 45 ± 14%). Athletes were asked to refrain from strenuous exercise and alcohol consumption the day before each test and consuming caffeine in the last three hours before each test. The study was approved by the local ethics committee and meets the ethical standards of the journal [9] .
Perceived stress and recovery
Preceding all submaximal cycle tests, the athletes filled out the Dutch version of the RESTQ-Sport, which has shown sufficient reliability and validity [21] . The RESTQSport was used to assess perceived stress and recovery activities over the past 3 weeks of the athletes. It has been stated that the questionnaire is reliable up to 4 weeks [12] . The RESTQ-Sport consists of 77 items (including 1 warm-up item) which were divided in 19 scales of 4 items. Each item is scored on a Likert-type scale with values ranging from 0 to 6 (never -always). The answers indicate how often athletes took part in various activities over the past 3 weeks. Different aspects of general stress are included in the first 7 scales, there are 5 general recovery scales, 3 sport-specific stress scales and 4 sport-specific recovery scales. High scores on stress scales reflect high perceived stress and high scores on recovery scales reflect more recovery activities [12] .
Laboratory tests
Peak power output test
At the start of the monitoring period, all athletes performed a peak power output test starting at a workload of 2 W·kg -1 . The workload was continuously increased by 20 W per minute until the athlete was unable to pedal at a cadence greater than 70 revolutions per minute (rpm) [14] . The athletes were instructed to cycle until exhaustion, and they were verbally encouraged to do their best during the test. The test was performed on an electronically braked cycle ergometer (Excalibur Sport, Lode Medical Technology, Groningen, The Netherlands) and gas exchange was sampled breath-by-breath (Cortex Metalyzer 3B, Leipzig, Germany). Peak power output (PPO) was defined as the average power during the last minute of the test. O2max was defined as the highest 30 s O2 interval observed during the test. Maximal heart rate (HRmax) was determined as the highest HR during the test.
Submaximal cycling test
The LSCT was used to monitor submaximal cycling performance. It has shown sufficient reliability (typical error of measurement = 1.3% -4.4% [17] ) and validity (r = 0.96 -0.98 [14] ) to measure cycling performance. The LSCT consists of three HR based exercise stages in which athletes are asked to cycle 6 minutes at 60%, 6 minutes at 80% and 3 minutes at 90% of HRmax followed by a rest phase in which athletes would stop pedaling, sit up straight and refrain from speaking in order to capture heart rate recovery (HRR60s). Ratings of perceived exertion (RPE) (6 to 20) were obtained 30 seconds before the end of each exercise stage.
Power output, cadence and time were measured and stored by the Computrainer® software (Computrainer Pro 3D, RacerMate, Seattle, USA) at 34 Hz and HR data was recorded every second by a Polar® heart rate belt (Kempele, Finland). Power output, cadence and HR were calculated over the last 5 minutes of stage 2 (P80) and over de last 2 minutes of stage 3 of the LSCT (P90). HRR60s was calculated as the difference between mean heart rate in the last 15 s of stage 3 and mean heart rate in the last 15 s during the first minute of rest [6, 17] . Both P80, P90 and HRR60s are indicators of athletic performance [6, 14] . However, it is known that P80, P90 and HRR60s reflect different aspects of performance [3, 6, 14] and therefore these parameters were analyzed. All submaximal cycle tests were performed on the athlete's own bicycle that was mounted to the Computrainer® ergometer. For a more detailed description of calibration of the Computrainer® and the LSCT protocol and analysis, see the study of Lamberts [14] .
Data and statistical analysis
All 19 RESTQ-Sport scales were calculated by the average of scores on the 4 items that belong to the specific scales. In addition, the average of scales within the 4 main categories was calculated (i.e. "General Stress", "General Recovery", "Sport-specific Stress" and "Sport-specific Recovery") [12] and a balance score of total stress and recovery was calculated by "Recovery-Stress" [5] .
P80 and P90 were expressed as a percentage of peak power during the peak power output test in order to correct for differences in basic fitness level of the athletes. Another important role in adaptation to training (i.e. performance) is played by the autonomic nervous system. Therefore, in addition to P80 and P90, HRR60s was used as performance parameter for further analysis. HRR60s was expressed as a percentage of individual HRmax during the peak power output test.
In total, we were able to collect 110 out of 160 potential RESTQ-Sport and LSCT's. Injury, illness, training camps abroad or other obligations of the athletes caused the missing tests. During 4 LSCT's, HRR60s was not captured accurately due to equipment failure in the rest phase. Therefore, instead of 110 tests that were included for analysis of P90 during the LSCT, 106 tests were analyzed for HRR60s.
Means and standard deviations were calculated for all RESTQ-Sport and LSCT parameters described above. For the purpose of investigating longitudinal changes, the data were analyzed using multilevel modelling with MLwiN [22] .
Multilevel analysis can include dependent data and is an extension of multiple regression analysis. The benefit of multilevel analysis is that the number of measurements is allowed to vary between athletes. This is inevitable in a longitudinal design over a year. The first step was to create an empty model for P80, P90 and HRR60s separately, using a random intercepts model with two levels in which "measurement time" (level 1) is nested within "athlete" (level 2). The second step was to investigate if age influences P80, P90 and HRR60s by adding the term to the model. Differences over time were also investigated by adding measurement time to the model of P80, P90 and HRR60s. If the models including age or measurement time showed a significantly better fit than the first model, the term(s) would be included for further analysis. The third step was to add all RESTQ-Sport scales and main categories separately in order to investigate the relationship between perceived stress, recovery and performance parameters (i.e. P80, P90, HRR60s). The contribution to the models for P80, P90 and HRR60s of age and RESTQ-Sport scale or category (i.e. predicting variables) was evaluated by comparing the -2 log likelihood of the empty model with the model which includes predicting variables. Significance was set at 0.05. Figure 1 shows the average outcomes of the 19 RESTQ-Sport scales for all 8 measurement times.
RESULTS
Perceived stress and recovery
Laboratory tests
Outcomes of the peak power output test are shown in Table 1 . HRmax is maximal heart rate during the peak power output test; PPO is peak power output. Table 2 show that there are minor changes in average performance parameters measured during the LSCT's (i.e. P80, P90 and HRR60s) over the 8 measurement times.
Data in
Multilevel analyses
In the first step of the multilevel analysis, empty models were created for P80, P90
and HRR60s. Intercepts, estimates and variances within and between athletes are displayed in Table 3 , Table 4 and Table 5 .
The second step revealed that including age and measurement time to the models of P90 and HRR60s did not improve the models significantly. This means that age did not have a significant influence on P80, P90 and HRR60s. Furthermore, it indicated that there was no typical increase or decrease in performance over measurement times across the year for the group as a whole.
The models for P80, P90 and HRR60s involving stress and recovery parameters are described below. HRdif = Heart rate (HR) expressed as the difference from predetermined HR in stage 2 (80) and stage 3 (90) HRR60s = Heart rate recovery expressed as a percentage of individual maximal heart rate *HRR60s was not accurately captured for 1 subject and 2 subjects (**) due to a technical difficulty. Therefore, N=17, N=8 and N=10 for HRR60s during LSCT4, LSCT6 and LSCT7, respectively
P80
The results, as shown in Table 3 , indicated that a higher "Sport-specific Recovery" was related to a higher performance measured by P80. The estimate indicated that P80 increased with 1.81% as "Sport Specific Recovery" increased with 1 unit on a range of 0 to 6 (never -always). "General Stress", "General Recovery" and "Sport-specific Stress" were not significantly related to P80.
Next to the summed scales, the subscale "self-efficacy" of the RESTQ-Sport contributed to modelling performance. Only the significant contributions of the subscales are shown in Table 3 . Increased "self-efficacy" of 1 unit contributed to an increased P80 by 1.74%.
P90
The results, as shown in Table 4 , indicated that a higher "General Stress" was related to a lower performance measured by P90. The estimate indicated that P90 decreased with 2.68% as "General Stress" increased with 1 unit on a range of 0 to 6 (never -always). Table 4 shows that a better balance of "Recovery-Stress" was related to an increased P90 of 0.65% per unit of "Recovery-Stress". To the contrary, "General Recovery", "Sport-specific Stress" and "Sport-specific
Recovery" were not significantly related to P90.
Next to the summed scales, several subscales of the RESTQ-Sport contributed to modeling performance. Only the significant contributions of the subscales are shown in Table 4 . An increase in the general stress scales "Emotional stress", "fatigue" and "physical complaints" were related to a decrease in P90. An increase of 1 unit on these scales predicted a decreased P90 by 2.40%, 1.79% and 1.27%, respectively. On the other hand, increased "self-efficacy" contributed to an increased P90 by 1.67%. An empty model for power output during stage 2 of the LSCT is shown which is estimated with one fixed factor (intercept). In addition to the empty model, the models including all summed categories of the RESTQ-sport are displayed. Also, the models are shown for separate scales of the RESTQ-sport that are significantly better than the empty model. The estimate is average change in predicted relative power output when scores on the RESTQ-sport increase with 1 arbitrary unit . All values are given as estimates and standard errors (SE). An empty model for power output during stage 3 of the LSCT is shown which is estimated with one fixed factor (intercept). In addition to the empty model, the models including all summed categories of the RESTQ-sport are displayed. Also, the models are shown for separate scales of the RESTQ-sport that are significantly better than the empty model. The estimate is average change in predicted relative power output when scores on the RESTQ-sport increase with 1 arbitrary unit. All values are given as estimates and standard errors (SE). An empty model for HRR60s after stage 3 of the LSCT is shown which is estimated with one fixed factor (intercept). In addition to the empty model, the models including all summed categories of the RESTQ-sport are displayed. Also, the models are shown for separate scales of the RESTQ-sport that are significantly better than the empty model. The estimate is average change in predicted HRR60s when scores on the RESTQ-sport increase with 1 arbitrary unit. All values are given as estimates and standard errors (SE).
HRR60s
An increase in "Recovery-Stress" and "self-efficacy" and a decrease of "emotional stress" were related to an increase in HRR60s (Table 5) , which was in line with the findings for P90. In contrast to models of P90, "General Stress" was not contributing to the model of HRR60s. In addition, it is shown in Table 5 that an increase of 1 unit in "Sport-specific Stress" contributed to a decrease in HRR60s of 1.75%. Also, an increase of the RESTQ-Sport subscales "social stress" and "injury"
were related to decreased HRR60s with estimates of -2.72% and -1.02%, respectively.
DISCUSSION
The present study was designed to assess the contribution of perceived stress and recovery to performance parameters, taking individual development into account. The main results were that the "Recovery-Stress" balance showed a positive contribution to the performance parameters. Whereas the subscale "emotional stress" showed a negative contribution to P90 and HRR60s and "selfefficacy" showed a positive contribution to P80, P90 and HRR60s. Moreover, higher "Sport-specific Recovery" scores were related to higher P80, higher "General Stress" scores were related to lower P90 and higher "Sport-specific Stress" scores were related to lower HRR60s. These results indicate that there was a relationship between individual changes in perceived stress and recovery and changes in cycling performance during an athletic year of females.
It has been shown that intra-individual variation in P90 is 4.6 W for athletes with a PPO of 382 W [17] . In other words, intra-individual variation in performance within an individual's capacity was 1.2%, i.e. P90 expressed as a percentage of PPO. For example, an increase of 1 unit on a scale from 0 to 6 in "General Stress"
was related to a decrease of 2.68% in P90. So, a meaningful increase in P90 was related to a decrease in "General Stress" of 1.2/2.68 = 0.45. Moreover, a change of 1.85 (=1.2/0.65) in "Recovery-Stress", -0.50 in "emotional stress", -0.67 in "fatigue", -0.94 in "physical complaints" and 0.72 in "self-efficacy" was related to a meaningful increase in P90. Since these magnitudes of changes are realistic, it can be concluded that changes in perceived stress and recovery can be related to meaningful changes in performance.
A change in HRR60s is meaningful as it exceeds 0.8% (i.e. intra-individual variation of 1.6 beats with an average HRmax of 190 bpm [18] ). Changes in "Sportspecific Stress" of -0.46 (=0.8%/-1.75), "Recovery-Stress" of 1.38, "emotional stress" of -0.41, "social stress" of -0.29, "injury" of -0.78 and "self-efficacy" of 0.79 were related to a meaningful increase in HRR60s. This indicates that realistic changes in perceived stress and recovery were associated to meaningful changes in HRR60s.
P90 and HRR60s were both related to "Recovery-Stress", "self-efficacy" and "emotional stress". However, P90 was related to "General Stress", "fatigue" and "physical complaints" and HRR60s to "social stress" and "injury". Although both parameters are indicators of athletic performance [6, 14] , P90 is a submaximal predictor of cycling performance [14] , whereas HRR is related to physical fatigue/increased training loads [6, 15, 16] and may reflect the athlete's ability to respond to exercise [3] . This possibly explains that some relationships in our study were similar and that there were also differences in relationships with stress and recovery parameters. It may be remarkable that the subscale "fatigue" was related to P90 and not to HRR60s. The explanation could be that questions within that scale were not about physical fatigue (i.e. sport-specific stress), but about general fatigue (i.e. general stress), for example, from work. This indicates that there is an interaction between physical parameters and psychosocial parameters and underlines the importance of including psychosocial measures when considering performance changes. This is supported by an abundance of literature which indicates that psychosocial stress does not only have a negative influence on cognition, emotion and behaviour (psychosocial), but also on health and performance changes of adults [8, 20, 23] . Moreover, our finding that higher "Sport-specific Stress" was related to lower HRR60s indirectly supported the literature in which decreased HRR is related to less performance improvement after intensified training compared to athletes who showed an increased HRR [16] . The effect of intensified training on rate of increase in performance and change in HRR may be influenced by perception of sport-specific stress. Further studies that take physical as well as psychosocial variables into account should be undertaken.
An interesting finding is that P80 is positively related to "Sport-specific recovery" in contrast to P90 being negatively related to "General stress". Since P90 has shown a better predictive value for performance than P80 [17] , we have been able to put these findings into perspective. However, more research is needed to study why there is a difference in relationships between P80 and P90 with perceived stress and recovery. In addition, the implications for monitoring training status with these different parameters should be investigated.
This rather long term study measured 20 athletes in a well-controlled setting over 1 full season on 8 measurement times in which 110 tests out of 160 potential tests are performed. This means that the compliance rate was 68.8%. Injury and illness of the athletes caused a part of the missing data. The goal of our research was to investigate healthy athletes, therefore, data of injured and ill athletes should not be included for the interpretations. However, in an attempt to avoid missing data because of other reasons, it is recommended that future studies include the tests into individual training schedules of the athletes.
Care should be taken when interpreting our results, as these do not prove causation. However, the following conclusions can be drawn: 1) an improved "Recovery-Stress" balance was related to an increased performance of female athletes and 2) "Sport-specific recovery" relates to P80, "General Stress" relates to P90 and "Sport-specific Stress" relates to HRR60s. In future research the cause-andeffect relationship between perceived stress, recovery and performance by means of interventional studies in a multilevel perspective should be established including qualitative information to better understand underlying issues.
